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SPECIFICATION 
Radio Communication Device 

Technical field: 

The present invention relates to a radio communications system 
5 employing a spatial multiplexing process. 
Background art: 

In recent years, efforts have been made to speed up radio 
communications systems such as microwave cellular phone systems, radio 
LAN (Local Area Network) systems, etc. by using multivalued 

10 modulation/demodulation and multiple carriers. However, there is a 

limitation imposed on the speedihg-up efforts due to a narrow frequency 
band that can be used. For example, if multivalued PSK (Phase Shift 
Keying) is employed, then the error rate is degraded and a very high 
performance level is required for phase noise and frequency stability of the 

15 oscillator. If multiple carriers are achieved by OFDM (Orthogonal Frequency 
Division Multiplexing), then the frequency band is determined by the product 
of the number of subcarriers and the symbol rate. Therefore, the frequency 
band needs to be wider as the system is speeded up. There is known 
another problem in that since the difference between the peak power and the 

20 average power is large, low-distortion transmission amplifiers are generally 
required. 

Consequently, there has been developed a radio communications 
system which incorporates the MIMO (Multi-Input Multi-Output) technology in 
the microwave band. Fig. 1 is a block diagram of a radio communications 
25 device employing the above technology. Transmitter 500 has transmitting 
circuits 501-1 through 501-3, antennas 502-1 through 502-3, and 
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transmission signal processing circuit 504. Transmission data is processed 
by transmission signal processing circuit 504, and radiated as radio waves 
from antennas 502-1 through 502-3 by transmitting circuits 501-1 through 
501-3. Receiver 506 has antennas 508-1 through 508-3, receiving circuits 
5 507-1 through 507-3, and reception signal processing circuit 510. The radio 
waves received by antennas 508-1 through 508-3 are converted by receiving 
circuits 507-1 through 507-3 into reception signals, which are processed by 
reception signal processing circuit 51 0 into reception data that is output. 
Reception signal processing circuit 510 also outputs a channel matrix. The 

10 MIMO radio communication device is a radio communications device made 
up of a transmitter with antennas and a receiver with antennas, or a plurality 
of antennas and a plurality of transceivers, and perform communications 
according to a spatial multiplexing process. 

To the extent of the number of communications paths (independent 

15 spatial transmission paths), including multipaths, which can be 

orthogonalized, the transmission rate is proportional to the number of 
antennas (either the number of transmission antennas or the number of 
reception antennas which is smaller). Therefore, the transmission rate can 
be increased while using the same frequency and the same time. Using 

20 time-space coding, a spatial diversity effect is produced to obtain a good 
SNR (Signal to Noise Ratio). 

In general, as the frequency is higher, the radio wave tends to travel 
straighter, which differentiates a propagative environment. The frequency at 
which the propagative environment changes is said to be about 1 0 GHz. 

2 5 Beyond that frequency, it is difficult to perform non-line-of-sight 
communications. For example, according to "Propagation data and 
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prediction methods for the planning of indoor radio communication systems 
and radio local area networks in the frequency range 900 MHz to 100 GHz", 
ITU-R, P. 1238-3, April 2003, power loss coefficients representing the 
attenuated amount of radio waves over the distance that the radio waves are 
5 propagated are in the range from 28 to 32 in the frequency range from 0.9 to 
5.2 GHz in offices, and 22 at the frequency of 60 GHz. Since the power loss 
coefficient is 20 for a free space loss, scattering and diffraction are 
considered to be less influential at high frequencies such as 60 GHz. 
Multipaths are considered to be relatively few though the intensity of radio 

10 waves is occasionally strong in some multipaths. A radio system employing 
millimeter waves, e.g., in the 60 GHz band is described in a document by K. 
Ohata, et. al. (IEEE MTT-S International Microwave Symposium. Digest, 
June 2003. pp. 373 - 376). The modulation process that is used is ASK 
(digital amplitude modulation), and a high rate of 1.25 Gbits/sec. is achieved 

15 for radio communications. 
Disclosure of the invention: 
Problems to be solved by the invention: 

Radio communications devices incorporating MIMO technology 
consume a large amount of electric power because a plurality of 

20 transmission and reception circuits are operated. The transmission signal 
processing circuit estimates a channel matrix and converts and distributes 
transmission signals to a plurality of transmitting circuits, and the reception 
signal processing circuit has a function to combine and convert reception 
signals from a plurality of receiving circuits, resulting in consumption of a 

25 large amount of electric power. Electric Power consumption is also increased 
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by high-rate D/A converters (DACs), A/D converters (ADCs), and time-space 
coding circuits. 

According to a literature by Karasawa, et. al. (2003, IEICE Society 
Conference, Lecture Transactions 1, SS-30, Lecture No. TB-2-1), if the 
5 antenna interval is a one-half wavelength or longer, then when multipaths 
arrive in a wide angular range, the elements of the channel response matrix 
vary noncorrelatively. At this time, the transmission capacity increases, but 
the one-half wavelength becomes about 6 cm at 2.4 GHz, for example. If 
there is no local scattering in line-of-sight communications, then it is 

1 o desirable that the antenna interval be increased by a considerable distance. 

A literature by D. Gesbert (IEEE Journal on Selected Areas in 
Communications, Vol. 21 , No. 3, April 2003) shows 10 wavelengths as the 
element-to-element interval of four-element antennas for use on base 
stations in a cellular phone system in the above environment. The disclosed 
1 5 antenna interval as applied to portable terminals and microwave radio 

communications device for use in offices and homes is not practical in terms 
of size. Radio systems employing millimeter waves, e.g., in the 60 GHz 
band, use ASK (Amplitude Shift Keying), FSK (Frequency Shift Keying), or 
BPSK (Binary Phase Shift Keying) of a low modulation index, and mostly 

2 o utilize point-to-point communications with a narrowed antenna beam. If the 

« 

antenna beam is widened, then the signal quality is lowered or a 
transmission failure occurs due to multipath interference especially in indoor 
communications. This is because if the symbol rate is increased, the delay 
time (the difference between arrival times of direct and reflected waves) is 
2 5 broadened relatively largely as compared with the symbol length, giving rise 
to an intersymbol interference. In order to lower the symbol rate to avoid an 
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intersymbol interference and maintain high-rate communications, there is 
employed a radio communication device using multivalued QAM (Quadrature 
Amplitude Modulation) or QAM as primary modulation and OFDM as 
secondary modulation. However, such a radio communications device 
5 suffers practical problems because the oscillator is required to have low 
phase noise characteristics and frequency stability, the transmission 
amplifier is required to be highly linear, and, in particular, radio 
communications devices for use in the millimeter wave range are complex, 
highly costly, and large in size. 
10 It is an object of the present invention to provide a radio 

communications device which is capable of transmitting data at a high-rate 
while suppressing electric power consumption, hardly experiences 
communication interruptions due to multipath interference, and is small in 
size. 

15 Means for solving the problems: 

According to a first aspect of the present invention, a radio 
communication device comprises: 
a transmitter comprising: 

a plurality of transmission antennas for radiating radio waves 
2 0 based on transmission RF signals; 

a plurality of transmitting circuit means for supplying the 
transmission RF signals to said transmissron antennas, respectively, based 
on a plurality of transmission signals; and 

transmission signal processing means having modulating 
25 means, for modulating input transmission data to generate said transmission 
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signals by using said modulating" means, and for outputting the transmission 
signals to said transmitting circuit means; 
a receiver comprising: 

a plurality of reception antennas for receiving the radio waves 
5 from said transmitter and for outputting reception RF signals; 

a plurality of receiving circuit means for outputting reception 
signals based on said reception RF signals input respectively from said 
reception antennas; and 

reception signal processing means having demodulating 
1 0 means, for demodulating the reception signals output respectively from said 
receiving circuit means by using said demodulating means, and for 
generating reception data; 

propagation detecting means for detecting a propagating state of said 
radio waves; and 

1 5 symbol rate setting means for selecting a symbol rate to be used from 

a plurality of symbol rates based on the detected propagating state, and for 
setting the selected symbol rate in said modulating means and said 
demodulating means. 

According to a second aspect of the present invention, a radio 
20 coirlmunication device comprises: 
a transmitter comprising: 

a plurality of transmission antennas for radiating radio waves 
based on transmission RF signals; 

a plurality of transmitting circuit means for supplying the 
25 transmission RF signals to said transmission antennas, respectively, based 
on a plurality of transmission signals; and 
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transmission signal processing means having a plurality of 
modulating means having respective different symbol rates, for modulating 
input transmission data to generate said transmission signals by using a 
selected one of said modulating means, and for outputting the transmission 
signals to said transmitting circuit means; 
a receiver comprising: 

a plurality of reception antennas for receiving the radio waves 
from said transmitter and for outputting reception RF signals; 

a plurality of receiving circuit means for outputting reception 
signals based on said reception RF signals input respectively from said 
reception antennas; and 

reception signal processing means having a plurality of 
demodulating means having respective different symbol rates, for 
demodulating the reception signals input respectively from said receiving 
circuit means by using a selected one of said demodulating means, and for 
generating reception data; 

propagation detecting means for detecting a propagating state of said 
radio waves; and 

modulating means/demodulafing means selecting means for selecting 
one of said modulating means and one-of said demodulating means based 
on the detected propagating state. 

Depending on the intensity of a multipath interference, the symbol rate 
is controlled to achieve high-rate transmission with optimized electric power 
consumption. Radio communications devices using frequencies of 10 GHz 
or higher, particularly frequencies of millimeter waves (30 to 300 GHz), even 
with an array of antennas, may be reduced in size. If multipath interference 



is weak, the radio communications device is operated in the direct 
modulation/demodulation mode, thereby achieving high-rate communications 
with low electric power consumption. If multipath interference is strong, then 
though the electric power consumption increases, the possibility of 
5 communication interruptions due to multipath interference is lowered, and 
hence communications can be continued while maimtaining a certain 
transmission rate. 
Brief description of the drawings: 

Fig. 1 is a block diagram of a conventional radio communication 
10 device; 

Fig. 2 is a block diagram of a radio communication device according 
to a first embodiment of the present invention; 

Fig. 3 is a flowchart of a process of determining a symbol rate 
according to the first embodiment; 
1 5 Fig. 4 is a graph showing by way of example the relationship between 

reception electric power levels and error rates which determines the intensity 
of multipath interference; 

Fig. 5 is a graph showing the relationship between the number of 
independent spatial transmission paths and multipath levels according to 
20 MIMO; 

Fig. 6 is a flowchart of a process of determining a symbol rate 
according to a first variant; 

Fig. 7 is a flowchart of a process of determining a symbol rate and the 
number of multiple values of modulation according to a second variant; 
25 Fig. 8 is a flowchart of a process of determining a symbol rate and the 

number of multiple values of modulation according to a third variant; 
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Fig. 9 is a flowchart of a process of determining a symbol rate 
according to a fourth variant; 

Fig. 10 is a flowchart of a process of determining a symbol rate and 
the number of multiple values of modulation according to a fifth variant; 

Fig. 1 1 is a block diagram of a radio communication device according 
to a second embodiment of the present invention; 

Fig. 12 is a flowchart of a process of setting a transmitter and a 
receiver according to the second embodiment of the present invention; 

Fig. 13 is a block diagram of a radio communication device according 
to a variant of the second embodiment of the present invention; 

Fig. 14 is a block diagram of a radio communication device according 
to a third embodiment of the present invention; 

Fig. 15 is a flowchart of a process related to settings on a transmitter 
and a receiver according to the third embodiment of the present invention; 

Fig. 16 is a block diagram of a radio communication device according 
to a fourth embodiment of the present invention; 

Fig. 17 is a block diagram of a radio communication device according 
to a-fifth embodiment of the present invention; 

Fig. 18 is a block diagram of a radio communication device according 
to a.variant of the fifth embodiment of the present invention; and 

Fig. 19 is a block diagram of a radio communication device according 
to a sixth embodiment of the present invention. 
Best mode for carrying out the invention: 
[1st embodiment] 

Referring now to Fig. 2, a radio communications device according to a 
first embodiment of the present invention comprises transmitter 100 and 



receiver 106. Since communications are normally bidirectional, a plurality of 
radio communications devices are positioned in facing relation to each other 
for communications therebetween. In this embodiment, transmitter 100 and 
receiver 106 are a transmitter and a receiver, respectively, of radio 
communications devices that face each other. 

Transmitter 100 comprises antennas 102-1 through 102-3, 
transmitting circuits 101-1 through 101-3 connected respectively to antennas 
102-1 through 102-3, power supply control circuit 103, transmission signal 
processing circuit 104, and control circuit 119. 

Power supply control circuit 103 controls power supplies whose power 
is to be supplied to transmitting circuits 101-1 through 101-3 based on a 
power supply control signal from control circuit 119. Transmission signal 
processing circuit 104 has, in addition to a modulating function, at least one 
of a coding function with respect to an MIMO process and a 
weighting/mapping function. Transmission signal processing circuit 104 
includes symbol rate setting unit 117. modulation rate setting unit 118, and 
modulator 105, and is capable of changing a symbol rate and the number of 
multiple values of modulation according to a control signal from control circuit 
119. Transmission signal processing circuit 104 modulates data input to 
transmitter 100 in modulator 105, and outputs the modulated data as 
transmission signals to transmitting circuits 101-1 through 101-3. 

Receiver 106 comprises antennas 108-1 through 108-3, receiving 
circuits 107-1 through -3 connected respectively to antennas 108-1 through - 
1083, power supply control circuit 109, reception signal processing circuit 
1 10, level detector 111, error rate measuring unit 112, propagation detecting 
circuit 123, and control circuit 124. 
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Power supply control circuit 109 controls a power supply whose power 
is to be supplied to receiving circuits 107-1 through 107-3 based on a power 
supply control signal from control cfrcuit 124. Reception signal processing 
circuit 110 includes symbol rate setting unit 122, demodulation rate setting 
unit 123, and demodulator 120, and has, in addition to a demodulating 
function, at least one decoding function with respect to an MIMO process 
and a weighting/demapping function. Reception signal processing circuit 
110 demodulates reception signals input from receiving circuits 107-1 
through 107-3 in demodulator 120, and outputs the demodulated data as 
reception data. Reception signal processing circuit 110 also estimates a 
channel matrix based on the reception signals input from receiving circuits 
107-1 through 107-3, and outputs the estimated channel matrix. Level 
detector 1 1 1 detects a reception level based on reception level signals input 
from receiving circuits 107-1 through 107-3, and outputs the detected 
reception level. Error rate measuring unit 112 measures a bit error rate or a 
frame error rate based on the reception data output from reception signal 
processing circuit 110, and outputs the error rate. Propagation detecting 
circuit 1 23 is supplied with the reception level, the error rate, and the channel 
matrix, determines the intensity of multipath interference, and outputs a 
modulation control signal and a propagating situation communication signal 
that is equivalent to the modulation control signal. Control circuit 1 24 outputs 
the power supply control signal to power supply control circuit 109, and sets 
a symbol rate and a demodulation mode respectively in symbol rate setting 
unit 122 and demodulation mode setting unit 123 based on the modulation 
control signal. The propagating situation communication signal is sent to 
control circuit 1 19 of transmitter 106, and control circuit 119 sets a symbol 



rate and a modulation mode respectively in symbol rate setting unit 1 1 7 and 
modulation rate setting unit 118. 

In the radio communications device, a symbol rate is determined as 
shown in Fig. 3. Demodulation mode setting unit 123 estimates the intensity 
5 of multipath interference based on the reception level output from level 
detector 1 1 1 , the error rate output from error rate measuring unit 112, and 
the channel matrix output from reception signal processing circuit 1 10, in 
step 1001 . Demodulation mode setting unit 123 then determines whether or 
not the multipath interference is strong in step 1002. If it is determined that 

10 the multipath interference is strong, then demodulation mode setting unit 123 
outputs a modulation control signal and a propagating situation 
communication signal to set a symbol rate to a low value. In response to the 
propagating situation communication signal, control circuit 119 controls 
symbol rate setting unit 1 1 7 to lower the symbol rate in modulator 1 05 in step 

15 1 003. Control circuit 1 24 controls symbol rate setting unit 1 22 to lower the 
symbol rate in demodulator 120. If it is determined that the multipath 
interference is weak in step 1002, then demodulation mode setting unit 1 23 
outputs a modulation control signal and a propagating situation 
communication signal to set a symbol rate to a high value. Control circuit 

20 119 controls symbol rate setting unit 1 1 7 to increase the symbol rate in 
modulator 105 in step 1004. Control circuit 124 controls symbol rate setting 
unit 122 to increase the symbol rate in demodulator 1 20. After the symbol 
rate is determined, communications are performed for normal data 
transmission. 

25 In the present embodiment, it is an essential feature to determine the 

extent of multipath interference based on a signal propagating state. 
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Although not shown herein, the station's own signal propagating state or the 
signal propagating state of another station can be known during a preamble 
period to synchronize the station with the other station or during a period in 
which communications are made for data transmission. During the 
5 communications, the signal propagating state of the other station can be 
received as part of the data that are transmitted. The stations 1 own signal 
propagating state is sent to the other station. 

The signal propagating state is calculated from the reception level 
output from level detector 111, the error rate output from error rate 

10 measuring unit 1 1 2, and the channel matrix output from reception signal 
processing circuit 110. The signal propagating state can be represented by 
the number of independent spatial transmission paths which can contribute 
to communications, the rate of retransmission requests due to errors, etc. 
For example, as shown in Fig. 4, the intensity of multipath interference may 

15 be prescribed from the relationship between the received electric power and 
the error rate, and a multipath interference may be prescribed as being high 
if the error rate (or the rate of retransmission requests due to errors) is high 
though the received electric power is high. Furthermore, as shown in Fig. 5, 
the number of independent spatial transmission paths which can contribute 

20 to communications may be determined from an inherent value that is 

calculated from the estimated channel matrix, and the extent of a multipath 
interference may be determined therefrom. These processes may be 
combined with each other, or the extent of a multipath interference may be 
prescribed stepwise. Naturally, it is also possible to initially set the symbol 

25 rate to a low value and then increase the symbol rate stepwise. 
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According to the present embodiment, when the extent of multipath 
interference is small, high-rate transmission is made possible by setting the 
symbol rate to a high value. In this case, the correlated bandwidth often 
widens, making the apparatus advantageous for a high symbol rate, i.e., 
wide-band transmission. 

Radio communications devices using frequencies of 10 GHz or 
higher, particularly frequencies of millimeter waves (30 to 300 GHz), even 
with an array of antennas, have an antenna size smaller than radio 
communications devices using the microwave band. For example, if a radio 
communications device uses a frequency of 60 GHz, then the antenna 
interval is about 2.5 mm for a one-half wavelength and about 2.5 cm for 10 
wavelengths. In terms of size, the radio communications device can be used 
as a portable terminal or as radio communications device in offices and 
homes. 

A first variant of the first embodiment will be described below with 
reference to Fig. 6. The first variant is concerned with another process of 
determining a symbol rate. The radio communications device according to 
the first variant is structurally identical to the radio communication device 
acoording the first embodiment, and is capable of changing the symbol rate 
based on the modulation control signal and the propagating situation 
communication signal. 

Initially, a symbol rate is set to a high value in symbol rate setting units 
1 1 7, 1 22 in step 2001 . Specifically, a high symbol rate is set in modulator 
105 and demodulator 120. In step 2002, error rate measuring unit 1 12 
measures an error rate. In step 2003, propagation detecting circuit 123 
determines whether or not the error rate is in a range which is sufficiently 
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allowable for communications. If the error rate is not sufficiently allowable, 
then the symbol rate is lowered by one level based on the modulation control 
signal and the propagating situation communication signal in step 2004. 
Specifically, a lower symbol rate is lowered by one level in modulator 105 
and demodulator 1 20. Thereafter, control goes back to step 2002 to 
measure an error rate again under new conditions. The symbol rate is 
lowered until the error rate falls within the sufficiently allowable range. 
Therefore, the symbol rate is lowered until the error rate becomes sufficiently 
low. 

The above process can be carried out prior to the start of 
communications. However, even during data communications, the bit error 
rate, the frame error rate, the packet error rate, and the retransmission 
request rate (retransmission rate) may be monitored, and the symbol rate 
may be lowered to make the numerical values of these rates sufficiently 
lower. Furthermore, the first variant may include a process wherein if the 
error rates are sufficiently lowered, then it is determined that multipath 
interference is reduced and the symbol rate is increased to increase the 
transmission rate again. The present variant offers the same advantages as 
the first embodiment, but allows conditions to be set more highly depending 
on the situation for high-rate transmission. 

A second variant of the first embodiment will be described below with 
reference to Fig. 7. The second variant is concerned with a process of 
determining a symbol rate and the number of multiple values of modulation. 
The radio communications device according to the second variantis 
structurally identical to the radio communication device according the first 
embodiment, and is capable of changing the number of multiple values of 
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, modulation and the symbol rate based on the modulation control signal and 
the propagating situation communication signal. 

In step 3001 , propagation detecting circuit 123 estimates the intensity 
of multipath interference. If it is determined that multipath interference is 
5 weak in step 3002, then the symbol rate is set to a high value and the 
number of multiple values of modulation is set to a small value in step 3003. 
Specifically, symbol rate setting units 1 17, 122 and modulation mode setting 
units 1 1 8, 1 23 are set to those values. If it is determined that the multipath 
interference is strong, then the symbol rate is set to a low value and the 

10 number of multiple values of modulation is set to a large value in step 3004. 
Specifically, symbol rate setting units 1 17, 122 and modulation mode setting 
units 118, 1 23 are set to those values. Using the symbol rate and the 
number of multiple values of modulation thus set, subsequent 
communications are performed. 

15 Multipath interference may be determined in the same manner as 

described in the first embodiment. According to the present variant, if the 
extent of a multipath interference is small, then the symbol rate may be 
increased to perform high-rate transmission. Even if multipath interference is 
strong and the correlated bandwidth is small, the symbol rate may be 

20 lowered and the signal band may be narrowed to enable efficient 
transmission. 

A third variant of the first embodiment will be described below with 
reference to Fig. 8. The third variant is concerned with another process of 
determining a symbol rate and the number of multiple values of modulation. 
25 The radio communications device according to the third variant is structurally 
identical to the radio communication device according the first embodiment, 
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.and is capable of changing the number of multiple values of modulation and 
the symbol rate based on the modulation control signal and the propagating 
situation communication signal. 

Initially, in step 4001 , the symbol rate is set to a high value and the 
5 number of multiple values of modulation is set to a low value in symbol rate 
setting units 117, 122 as initial states. In step 4002, error rate measuring 
unit 1 1 2 measures an error rate. In step 4003, it is determined whether or 
not the error rate is in a range which is sufficiently allowable in 
communications. If the error rate is not sufficiently allowable, then the 
10 number of multiple values of modulation is increased and the symbol rate is 
set to a lower value in step 4004. Control goes back to step 4002 to 
measure an error rate again under new conditions. The symbol rate is 
lowered and the number of multiple values of modulation is increased until 
the error rate falls within the sufficiently allowable range. Therefore, the 
15 symbol rate is lowered until the error rate becomes sufficiently low and the 
number of multiple values is increased. 

The above process can be carried out prior to the start of 
communications. However, even during data communications, the bit error 

rate, the frame error rate, the packet error rate, and the retransmission 
20 request rate may be monitored, and the symbol rate may be appropriately 
lowered and the number of multiple values may be appropriately increased 
to make the numerical values of these rates sufficiently lower. Furthermore, 
the third variant may include a process wherein if the error rates are 
sufficiently lowered, then it is determined that the multipath interference is 
25 reduced and the symbol rate is increased to increase the transmission rate 
again. The present variant offers the same advantages as the first variant, 
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but allows conditions to be set more highly depending on the situation for 
high-rate transmission. 

A fourth variant of the first embodiment will be described below with 
reference to Fig, 9. The fourth variant is concerned with an operation 
process including a process of determining a symbol rate. According to the 
fourth variant, the radio communication device is structurally identical to the 
radio communication device according to the first embodiment, and is 
capable of changing the symbol rate based on the modulation control signal 
and the propagating situation communication signal. 

In step 5001 , the intensity of multipath interference is estimated 
according to the process described in the first embodiment, for example. If it 
is determined that multipath interference is strong in step 5002, then the 
symbol rate is set to a low value in step 5005. If it is determined that 
multipath interference is weak, then the symbol rate is set to a high value in 
step 5003, In this case, the power supplies of those transmitting and 
receiving circuits which do not contribute to the transmission rate are turned 
off by power supply control circuits 103, 109 in order to reduce electric power 
consumption in step 5004. Stated otherwise, the power supplies of those 
circuits which do not operate are turned off to reduce electric power 
consumption. 

In a line-of-sight environment with reduced multipath interference, the 
correlation between antenna elements increases. Therefore, even if MIMO 
technology is employed, the transmission capacity is not increased and a 
spatial diversity effect is not produced. This tendency is particularly strong in 
radio communications at frequencies of 10 GHz or higher, particularly 
millimeter waves (30 to 300 GHz) frequencies, because no local scattering is 
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• expected. Consequently, even if priority is given to the reduction of electric 
power consumption, communication quality (transmission rate, SNR, etc.) is 
not greatly degraded. The present variant offers the same advantages as 
the first embodiment, but is effective to avoid unnecessary consumption of 
5 electric power in the absence of multipath interference. 

A fifth variant of the first embodiment will be described below with 
reference to Fig. 10. The fifth variant is concerned with another operation 
process including a process of determining a symbol rate and the number of 
multiple values of modulation. The radio communications device according 

10 to the fifth variant, is structurally identical to the radio communications device 
according the first embodiment, and is capable of changing the number of 
multiple values of modulation and the symbol rate based on the modulation 
control signal and the propagating situation communication signal. 
Initially, in step 6001 , the intensity of multipath interference is 

15 estimated according to the process described in the first embodiment, for 
example. If it is determined that multipath interference is strong in step 
6002, then the symbol rate is set to a low value and the number of multiple 
values of modulation is set to a high value in step 6003. If it is determined 
that multipath interference is weak, then the symbol rate is set to a high 

2 0 value and the number of multiple values of modulation is set to a low value in 
step 6004. In this case, the power supplies of those transmitting and 
receiving circuits which do not contribute to the transmission rate are turned 
off in order to reduce electric power consumption in step 6005. Stated 
otherwise, the power supplies of those circuits which do not operate are 

25 turned off to reduce electric power consumption. 



The present variant differs from the fourth variant in that if it is 
determined that interference is weak, then the symbol rate is set to a high 
value and the number of multiple values of modulation is set to a low value, 
and if it is determined that the interference is strong, then the symbol rate is 
5 set to a low value and the number of multiple values of modulation is set to a 
high value. The present variant offers the same advantages as the fourth 
variant, but allows conditions to be set more highly depending on the 
situation for high-rate transmission. 
[2nd embodiment] 

10 Fig. 1 1 is a block diagram of a radio communications device according 

to a second embodiment of the present invention. According to the second 
embodiment, the radio communications device has a direct modulation/ 
demodulation mode and a indirect modulation/demodulation mode. The 
direct modulation mode refers to a process of modulating transmission data 

15 directly into a transmission carrier. The indirect modulation mode refers to a 
process of processing transmission data, thereafter modulating the 
processed transmission data into a transmission carrier and up-converting 
theitransmission carrier into a carrier irr a radio frequency band. The direct 
demodulation mode refers to a process of modulating a reception signal 

20 directly into reception data. The indirect demodulation mode refers to a 
process of down-converting the carrier from the radio frequency band, 
demodulating a reception signal, and thereafter processing the signal into 
reception data. 1 

The radio communications device has transmitter 200 and receiver 

25 206. Since communications are normally bidirectional, a plurality of radio 
communications devices are positioned in facing relation to each other for 
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• communications therebetween. In this embodiment, transmitter 200 and 
receiver 206 are a transmitter and a receiver, respectively, of radio 
communications devices that face each other. 

Transmitter 200 comprises antennas 202-1 through 202-4, 
5 transmitting circuit 201-1 in the indirect modulation mode connected to 
antenna 202-1 , transmitting circuit 201-2 in the indirect modulation mode 
connected to antenna 202-2, transmitting circuit 201 -3 in the indirect 
modulation mode connected to antenna 202-3, transmitting circuit 201-4 in 
the direct modulation mode connected to antenna 202-4 and incorporating 

10 modulator 224, power supply control circuit 203, transmission signal 

processing circuit 204, and control circuit 219. Transmitting circuits 201 -1 
through 201 -3 are supplied with transmission signals through transmission 
signal processing circuit 204, and transmitting circuit 201-4 is supplied with a 
transmission signal directly instead of through transmission signal processing 

15 circuit 204. 

Power supply control circuit 203 controls power supplies whose power 
is to be supplied to transmitting circuits 201-1 through 201-4 based on a 
power supply control signal from control circuit 219. Transmission signal 
processing circuit 204 has, in addition to a modulating function, at least one 

20 of a coding function with respect to an MIMO process and a 

weighting/mapping function. Transmission signal processing circuit 204 
includes modulator 205. symbol rate setting unit 217, and modulation rate 
setting unit 21 8. and is capable of changing a symbol rate and the number of 
multiple values of modulation according to a modulation control signal. 

25 Transmission signal processing circuit 204 modulates data input to 
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transmitter 200 in modulator 205, and outputs the modulated data as 
transmission signals to transmitting circuits 201-1 through 202-3. 

Receiver 206 comprises antennas 208-1 through 208-4, receiving 
circuit 207-1 in the indirect demodulation mode connected to antenna 208-1 , 
receiving circuit 207-2 in the indirect demodulation mode connected to 
antenna 208-2, receiving circuit 207-3 in the indirect demodulation mode 
connected to antenna 208-3, receiving circuit 207-4 in the direct 
demodulation mode connected to antenna 208-4 and incorporating 
demodulator 225, power supply control circuit 209, reception signal 
processing circuit 21 0, level detector 21 1 , error rate measuring unit 21 2, 
propagation detecting circuit 223, and control circuit 224. Power supply 
control circuit 209 controls power supplies whose power is to be supplied to 
receiving circuits 207-1 through 207-4 based on a power supply control 
signal from control circuit 224. Reception signal processing circuit 210 has, 
in addition to a demodulating function, at least one decoding function with 
respect to a MIMO process and a weighting/demapping function. Reception 
signal processing circuit 210 demodulates reception signals input from 
receiving circuits 207-1 through 207-3 in demodulator 220, and outputs the 
demodulated data as reception data. Reception signal processing circuit 
210 has a function to estimate a channel matrix. Reception signal 
processing circuit 210 estimates a channel matrix based on the reception 
signals input from receiving circuits 207-1 through 207-3, and outputs the 
estimated channel matrix. Level detector 21 1 detects a reception level 
based on reception level signals input from receiving circuits 207-1 through 
207-3, and outputs the detected reception level. Error rate measuring unit 
21 2r measures a bit error rate or a frame error rate based on the reception 
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•data output from reception signal processing circuit 210 and receiving circuit 
207-4. and outputs the error rate. Propagation detecting circuit 223 is 
supplied with the reception level, the error rate, and the channel matrix, 
determines the intensity of multipath interference, and outputs a modulation 
control signal and a propagating situation communication signal that is 
equivalent to the modulation control signal. Control circuit 224 outputs the 
power supply control signal to power supply control circuit 209, and sets a 
symbol rate and a demodulation mode respectively in symbol rate setting 
unit 222 and demodulation mode setting unit 223 based on the modulation 
control signal. The propagating situation communication signal is sent to 
control circuit 219 of transmitter 200, and control circuit 219 sets a symbol 
rate and a modulation mode respectively in symbol rate setting unit 217 and 
modulation rate setting unit 218. 

Transmitting circuit 201 -4 and receiving circuit 207-4 employ any one 
of ASK, FSK, BPSK, QPSK and DQPSSK as a modulation/demodulation 
process. Transmitting circuit 201 -4 modulates input data into a transmission 
carrier, and receiving circuit 207-4 demodulates data directly from a 
reception signal. Such modulation/demodulation is referred to as direct 
modulation/demodulation. A symbol rate used in transmitting circuit 201-4 
and receiving circuit 207-4 is set to a value higher than the symbol rate used 
in transmitting circuits 201 -1 through 201-3 and in receiving circuits 207-1 
through 207-3 in the indirect modulation/demodulation mode. The indirect 
modulation/demodulation mode may employ either multivalued PSK or 
multivalued QAM, or OFDM using multivalued PSK or multivalued QAM for 
primary modulation. 
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The transmitting and receiving circuits of the radio communications 
device are set to operate as shown in Fig. 12. Initially, in Step 7001, the 
power supply of transmitting circuit 201 -4 is turned on by power supply 
control circuit 203, and the power supply of receiving circuit 207-4 is turned 
5 on by power supply control circuit 209. In step 7002, the power supplies of 
transmitting circuits 201-1 through 201-3 are turned off by power supply 
control circuit 203, and the power supplies of receiving circuits 207-1 through 
207-3 are turned off by power supply control circuit 209. Then, in step 7003, 
error rate measuring unit 21 2 measures an error rate. In step 7004, 

10 propagation detecting circuit 223 determines whether or not the error rate is 
in a range which is sufficiently allowable or not for communications. If the 
error rate is sufficiently allowable, then subsequent communications are 
performed with the above configuration. Specifically, communications are 
performed using transmitting circuit 201-4 and receiving circuit 207-4. If it is 

15 determined that the error rate is not sufficiently allowable, then the power 
supply of transmitting circuit 201 -4 is turned off by power supply control 
circuit 203, and the power supply of receiving circuit 207-4 is turned off by 
power supply control circuit 209 in step 7005. Therefore, transmitting circuit 
201-4 and receiving circuit 207-4 are not operated. In step 7006, the power 

20 supplies of transmitting circuits 201 -1 through 201 -3 are turned on by power 
supply control circuit 203, and the power supplies of receiving circuits 207-1 
through 207-3 are turned on by power supply control circuit 209, to make 
these circuits operable. Finally, a setting process is performed in step 7007 
in which radio communications according to the normal MIMO process are 

25 set, or a symbol rate and the number of multiple values of modulation are 
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'determined according to any one of the processes described above in the 
first embodiment and the variants thereof. 

According to the present embodiment, if multipath interference is 
weak, then the power supplies of circuits which consume a large amount of 
5 electric power, such as high-rate D/A converters (DACs), A/D converters 
(ADCs), MIMO processing circuits- and time-space coding circuits are turned 
off, for thereby achieving low electric power consumption. If ASK is used for 
direct modulation/demodulation, then as described in the literature by K. 
Ohata referred to above, the transmission rate of 1 .25 Gbits/sec. is achieved 

10 for radio communications, using the 60 GHz band. At this time, high-rate 
switches and detectors are required as devices that are necessary for 
modulation/demodulation. However, these devices generally consume a 
smaller amount of electric power than the above circuits. Therefore, if 
multipath interference is weak, then high-rate wide-band miliimeter-wave 

15 communications can be achieved with low electric power consumption in the 
direct modulation/demodulation mode. If multipath interference is strong, 
then though the electric power consumption increases, the possibility of 
communication interruptions due to multipath -interference is lowered, and 
hence communications can be continued while maintaining a certain degree 

20 of transmission rate. 

A variant of the second embodiment will be described below with 
reference to Fig. 13. Fig. 13 is a block diagram of a radio communication 
device according to the present variant. The radio communications device 
according to the present variant is essentially structurally the same as the 

25 radio communication device according to the second embodiment shown in 
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' Fig. 1 1 , with components being denoted by different reference characters. 
The radio communications device has transmitter 300 and receiver 306. 

Transmitter 300 comprises antennas 302-1 through 302-3, 
transmitting circuit 301-1 in the indirect modulation mode connected to 

5 antenna 302-1 , transmitting circuit 301 -2 in the indirect modulation mode 
connected to antenna 302-2, transmitting circuit 301-3 in the indirect 
modulation mode, transmitting circuit 301-4 in the direct modulation mode 
incorporating modulator 324, power supply control circuit 303, transmission 
signal processing circuit 304, and control circuit 319. Transmitting circuit 

1 0 301 -3 and transmitting circuit 301 -4 are connected to antenna 302-3 through 
switch 313. Transmitting circuits 301-1 through 301-3 are supplied with 
transmission data through transmission signal processing circuit 304, and 
transmitting circuit 301-4 is supplied with transmission data directly instead of 
through transmission signal processing circuit 304. 

15 Power supply control circuit 303 controls power supplies whose power 

is to be supplied to transmitting circuits 301-1 through 301-4 based on a 
power supply control signal from control circuit 319. Transmission signal 
processing circuit 304 has, in addition to a modulating function, at least one 
of a coding function with respect to a MIMO process and a 

20 weighting/mapping function. Transmission signal processing circuit 304 
includes modulator 305, symbol rate setting unit 31 7, and modulation rate 
setting unit 318, and is capable of changing a symbol rate and the number of 
multiple values of modulation according to a modulation control signal. 
Transmission signal processing circuit 304 modulates data that is input to 

25 transmitter 300 in modulator 305, and outputs the modulated data as 
transmission signals to transmitting circuits 301-1 through 301-3. 
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Receiver 306 comprises antennas 308-1 through 308-3, receiving 
circuit 307-1 in the indirect demodulation mode connected to antenna 308-1 , 
receiving circuit 307-2 in the indirect demodulation mode connected to 
antenna 308-2, receiving circuit 307-3 in the indirect demodulation mode, 
5 receiving circuit 307-4 in the direct demodulation mode incorporating 
demodulator 325, power supply control circuit 309, reception signal 
processing circuit 310, level detector 31 1 , error rate measuring unit 312, 
propagation detecting circuit 323, and control circuit 324. Receiving circuit 
307-3 and receiving circuit 307-4 are connected to antenna 308-3 through 

10 switch 31 4. Power supply control circuit 309 controls power supplies whose 
power is to be supplied to receiving circuits 307-1 through 307-4 based on a 
power supply control signal from control circuit 324. Reception signal 
processing circuit 310 has, in addition to a demodulating function, at least 
one of a decoding function with respect to a MIMO process and a 

15 weighting/demapping function. Reception signal processing circuit 310 
demodulates reception signals that are input from receiving circuits 307-1 
through -3 in demodulator 320, and outputs the demodulated data as 
reception data. Reception signal processing circuit 310 estimates a channel 
matrix based on the reception signals that are input from receiving circuits 

20 307-1 through -3, and outputs the estimated channel matrix. Level detector 
31 1 detects a reception level based on reception level signals that are input 
from receiving circuits 307-1 through -3, and outputs the detected reception 
level. Error rate measuring unit 31 2 measures a bit error rate or a frame 
error rate based on the reception data output from reception signal 

2 5 processing circuit 310 and receiving circuit 307-4, and outputs the error rate. 
Propagation detecting circuit 323 is supplied with the reception level, the 
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error rate, and the channel matrix, determines the intensity of multipath 
interference, and outputs a modulation control signal and a propagating 
situation communication signal that is equivalent to the modulation control 
signal. Control circuit 324 outputs the power supply control signal to power 
supply control circuit 309, and sets a symbol rate and a demodulation mode 
respectively in symbol rate setting unit 322 and demodulation mode setting 
unit 323 based on the modulation control signal. The propagating situation 
communication signal is sent to control circuit 319 of transmitter 300, and 
control circuit 319 sets a symbol rate and a modulation mode respectively in 
symbol rate setting unit 317 and modulation rate setting unit 318. 

Transmitting circuit 301-4 and receiving circuit 307-4 employ any one 
of ASK, FSK, BPSK, QPSK and DQPSSK as a modulation/demodulation 
process. Transmitting circuit 301-4 modulates input data into a transmission 
carrier and receiving circuit 307-4 demodulates data directly from a 
reception signal. A symbol rate used in transmitting circuit 301-4 and 
receiving circuit 307-4 is set to a value higher than the symbol rate used in 
transmitting circuits 301-1 through 301-3 and receiving circuits 307-1 through 
307-3 in the indirect modulation/demodulation mode. 

- The radio communication device according to the present variant 
differs from the radio communication device shown in Fig. 1 1 in that 
antennas are shared. Transmitting circuit 301-3 and transmitting circuit 301 - 
4 are connected to antenna 302-3 through switch 313. Receiving circuit 307- 
3 and receiving circuit 307-4 are connected to antenna 308-3 through switch 
314. Antenna 302-3 and antenna 308-3 are shared. Switches 313, 31 4 that 



are 



operated by the power supply control signals are provided respectively in 



transmitter 300 and receiver 306. 
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The present variant offers the same advantages as those described in 
the second embodiment, but additionally makes the apparatus smaller in 
size because the antennas are shared. Though the switches are used in the 
illustrated variant, general antenna sharing units may be employed instead. 
5 (3rd embodiment] 

Fig. 14 is a block diagram of a radio communication device according 
to a third embodiment of the present invention. The radio communication 
device has transmitter 400 and receiver 406. Since communications are 
normally bidirectional, a plurality of radio communication device are 

10 positioned in facing relation to each other for communications therebetween. 
In this embodiment, transmitter 400 and receiver 406 are a transmitter and a 
receiver, respectively, of radio communications devices that face each other. 

Transmitter 400 comprises antennas 402-1 through 402-3, 
transmitting circuits 401 -1 through 401 -3 connected respectively to antennas 

15 402-1 through 402-3, power supply control circuit 403, transmission signal 
processing circuit 404, control circuit 419, and selector 428. Each of 
transmitting circuits 401 -1 through 401-3 is capable of selecting a direct 
modulation mode or a indirect modulation mode as a modulation process. 
Transmitting circuits 401-1 through 401-3 are supplied with transmission 

20 signals through transmission signal processing circuit 404 and with data 
signals through selector 428. Selector 428 makes a setting for selecting 
transmission signals or data signals to be used by transmitting circuits 401-1 
through 401-3. Transmitting circuits 401-1 through 401-3 have respective 
modulators 426-1 through 426-3 for modulating a carrier with the data 

2 5 signals that are input through selector 428. 
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Power supply control circuit 403 controls power supplies whose power 
is to be supplied to transmitting circuits 401-1 through 401-3 based on a 
power supply control signal from control circuit 419. Transmission signal 
processing circuit 404 has, in addition to a modulating function, at least one 
5 coding function with respect to a MIMO process and a weighting/mapping 
function. Transmission signal processing circuit 404 includes modulator 405, 
symbol rate setting unit 417, and modulation rate setting unit 418, and is 
capable of changing a symbol rate and the number of multiple values of 
modulation according to a modulation control signal. Transmission signal 

10 processing circuit 404 modulates input data in modulator 405, and outputs 
the modulated data as transmission signals to transmitting circuits 401-1 
through 401 -3. Selector 428 has functions to distribute data to transmitting 
circuits 401 -1 through 401 -3 and to select the direct modulation mode or the 
indirect modulation mode as the modulation process. 

15 Receiver 406 comprises antennas 408-1 through 408-3, receiving 

circuits 407-1 through 407-3 connected respectively to antennas 408-1 
through 408-3 and each capable of selecting the direct demodulation mode 
or the indirect demodulation mode, power supply control circuit 409, 
reception signal processing circuit 41 0, level detector 41 1 , error rate 

2 0 measuring unit 412, selector 429, propagation detecting circuit 423, and 
control circuit 424. Receiving circuits 407-1 through 407-3 have respective 
demodulators 427-1 through 427-3 for demodulating reception signals that 
are input through antennas 408-1 through 408-3. Power supply control 
circuit 409 controls power supplies whose power is to be supplied to 

25 receiving circuits 407-1 through 407-4 based on a power supply control 
signal from control circuit 424. Reception signal processing circuit 410 has, 
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in addition to a demodulating function, at least one decoding function with 
respect to a MIMO process and a weighting/demapping function. Reception 
signal processing circuit 410 demodulates reception signals that are input 
from receiving circuits 407-1 through 407-3 in demodulator 420, and outputs 
the demodulated data as reception data. Reception signal processing circuit 
410 estimates a channel matrix based on the reception signals that are input 
from receiving circuits 407-1 through -3. and outputs the estimated channel 
matrix. Level detector 41 1 detects a reception level based on reception level 
signals that are input from receiving circuits 407-1 through 407-3, and 
outputs the detected reception level. Error rate measuring unit 412 
measures a bit error rate or a frame error rate based on the reception data 
output from reception signal processing circuit 410 and selector 429, and 
outputs the error rate. Selector 429 has functions to distribute data output 
from receiving circuits 407-1 through 407-3 and to select the direct 
demodulation mode or the indirect demodulation mode as the demodulation 
process. Propagation detecting circuit 423 is supplied with the reception 
level, the error rate, and the channel matrix, determines the intensity of 
multipath interference, and outputs a modulation control signal and a 
propagating situation communication signal that is equivalent to the 
modulation control signal. Control circuit 424 outputs the power supply 
control signal to power supply control circuit 409, and sets a symbol rate and 
a demodulation mode respectively in symbol rate setting unit 422 and 
demodulation mode setting unit 423 based on the modulation control signal. 
The propagating situation communication signal is sent to control circuit 419 
of transmitter 400, and control circuit 419 sets a symbol rate and a 



31 



modulation mode respectively in symbol rate setting unit 417 and modulation 
rate setting unit 41 8. 

Any one of ASK, FSK, BPSK, QPSK and DQPSSK is employed as 
the direct modulation/demodulation mode. Transmitter 400 modulates input 
5 data into a transmission carrier , and receiver 406 demodulates data directly 
from a reception signal. A symbol rate is set to a value higher than the 
symbol rate used in the transmitting circuits and the receiving circuits in the 
indirect modulation mode. The indirect modulation/demodulation mode may 
employ any one of multivalued PSK or multivalued QAM and OFDM using 

10 multivalued PSK or multivalued QAM for primary modulation. 

The present radio communications device performs a procedure for 
making settings on the transmitting and receiving circuits as shown in Fig. 
15. In step 8001 , control circuits 419, 424 set selector 428 to the direct 
modulation mode, and set selector 429 to the indirect demodulation mode. 

15 In this state, communications are performed in the direct 

modulation/demodulation mode. In step 8002, power control circuit 403 
controls the power supply to supply electric power to transmitting circuit 401 - 
1 , and power control circuit 409 controls the power supply to supply electric 
power to receiving circuit 407-1 . Therefore, transmitting circuit 401-1 and 

20 receiving circuit 407-1 are brought into a state capable of communicating 
with each other. In step 8003, error rate measuring unit 412 measures an 
error rate. Propagation detecting circuit 423 records the combination of 
transmitting and receiving circuits and the error rate. When the 
measurement of the error rate is finished, power supply control circuits 403, 

2 5 409 control the power supplies to stop the supply of electric power to 
transmitting circuit 401-1 and receiving circuit 407-1 . In step 8004, 
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propagation detecting circuit 423 determines whether or not the 
measurement of error rates for all combinations of transmitting and receiving 
Circuits is completed. If there is a combination of transmitting and receiving 
circuits for which an error rate has not yet been measured, then the 
combination of the transmitting and receiving circuits is changed, and 
transmitting and receiving circuits in another combination are energized into 
operation. Control then goes back to step 8003 to measure an error rate. If 
the measurement of error rates for all combinations of the transmitting and 
receiving circuits is completed, then propagation detecting circuit 423 looks 
for a combination of transmitting and receiving circuits with the best error 
rate from the recorded error rates corresponding to the combinations of the 
transmitting and receiving circuits. If the best error rate is determined as an 
error rate sufficiently appropriate for communications (low error rate), then 
subsequent communications are performed with that combination of 
transmitting and receiving circuits in step 8007. If the best error rate is not 
an error rate sufficiently appropriate for communications, then control circuits 
419, 422 determine that the effect of multipath Interference is strong, and 
sets selector 428 to the indirect modulation mode and selector 429 to the 
indirect demodulation mode in step 8008. Finally, a setting process in the 
indirect modulation/demodulation mode is performed in step 8009 in which 
radio communications according to the normal MIMO process are set, or a 
symbol rate and the number of multiple values of modulation are determined 
according to any one of the processes described above in the first 
embodiment and in the variants thereof. 

In the present embodiment, error rates are measured for all 
combinations of transmitting and receiving circuits. However, error rates 
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may not be measured for all combinations of transmitting and receiving 
circuits. When it is determined that a sufficiently appropriate error rate is 
measured, then subsequent error rate measurements may be skipped, and 
communications may be performed with the combination of transmitting and 
5 receiving circuits for which the error rate has been measured. Electric power 
consumption may be reduced if the power supplies of transmitting and 
receiving circuits which are not used are turned off. 

The present embodiment offers the same advantages as those 
described in the second embodiment and in the variant thereof. Though the 

1 0 transmitting and receiving circuits according to the present embodiment are 
slightly more complex, the number of antennas is smaller than in the second 
embodiment, and no switches are required, unlike in the variant of the 
second embodiment. Another advantage is that only one transmission 
amplifier of a transmitting circuit is connected to each antenna, and only one 

15 reception amplifier of a receiving circuit is connected to each antenna. 
[4th embodiment] 

Fig. 16 is a block diagram of a radio communication device according 
to a fourth embodiment of the present invention. The radio communication 
device according to the present embodiment has a plurality of modulators 

2 0 1 05 r 1 through 1 05-n and selector 1 1 6 in place of modulator 1 05, symbol rate 
setting unit 117, and modulation rate setting unit 1 18 in transmitter 100 
according to the first embodiment shown in Fig. 2, and also has a plurality of 
demodulators 120-1 through 120-n and selector 1 17 in place of demodulator 
120, symbol rate setting unit 122, and demodulation rate setting unit 123 in 

25 receiver 106. 
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Modulators 105-1 through 105-n have combinations of different 
symbol rates and modulation modes. The output of one of modulators 105-1 
through 105-n is selected by selector 1 16 under the control of control circuit 
119. Demodulators 120-1 through 120-n have combinations of different 
5 symbol rates and demodulation modes. The output of one of demodulators 
1 20-1 through 1 20-n is selected by selector 1 1 7 under the control of control 
circuit 1 24. Other structural and operational details of the radio 
communication device according to the present embodiment are the same 
as those of the radio communication device according to the first 
10 embodiment. 
[5th embodiment] 

Fig. 1 7 is a block diagram of a radio communications device according 
to a fifth embodiment of the present invention. The radio communication 
device according to the present embodiment has a plurality of modulators 

1 5 205-1 through 205-n and selector 21 6 in place of modulator 205 , symbol rate 
setting unit 217, and modulation rate setting unit 218 in transmitter 200 
according to the second embodiment shown in Fig. 1 1 , and also has a 
plurality of demodulators 220-1 through 220-n and selector 21 7 in place of 
demodulator 220, symbol rate setting unit 222, and demodulation rate setting 

2 0 unit 223 in receiver 206. 

Modulators 205-1 through 205-n have combinations of different 
symbol rates and modulation modes. The output of one of modulators 205-1 
through 205-n is selected by selector 216 under the control of control circuit 
219. Demodulators 220-1 through 220-n have combinations of different 
25 symbol rates and demodulation modes. The output of one of demodulators 
220-1 through 220-n is selected by selector 217 under the control of control 



circuit 224. Other structural and operational details of the radio 
communication device according to the present embodiment are the same 
as those of the radio communication device according to the second 
embodiment. 

Fig. 18 is a block diagram of a radio communications device according 
to a variant of the fifth embodiment of the present invention. The radio 
communication device according to the present variant has a plurality of 
modulators 305-1 through 305-n and selector 316 in place of modulator 305, 
symbol rate setting unit 317, and modulation rate setting unit 318 in 
transmitter 300 according to the variant of the second embodiment shown in 
Fig. 13, and also has a plurality of demodulators 320-1 through 320-n and 
selector 317 in place of demodulator 320, symbol rate setting unit 322, and 
demodulation rate setting unit 323 in receiver 306. 

Modulators 305-1 through 305-n have combinations of different 
symbol rates and modulation modes. The output of one of modulators 305-1 
through 305-n is selected by selector 316 under the control of control circuit 
319. Demodulators 320-1 through 320-n have combinations of different 
symbol rates and demodulation modes. The output of one of demodulators 
320-1 through 320-n is selected by selector 317 under the control of control 
circuit 324. Other structural and operational details of the radio 
corrirnunication device according to the present variant are the same as 
those of the radio communication device according to the variant of the 
second embodiment. 
[6th embodiment] 

Fig. 19 is a block diagram of a radio communications device according 
to a sixth embodiment of the present invention. The radio communications 
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device according to the present embodiment has a plurality of modulators 
405-1 through 405-n and selector 416 in place of modulator 405, symbol rate 
setting unit 417, and modulation rate setting unit 418 in transmitter 400 
according to the third embodiment shown in Fig. 14, and also has a plurality 
of demodulators 420-1 through 420-n and selector 417 in place of 
demodulator 420, symbol rate setting unit 422, and demodulation rate setting 
unit 423 in receiver 406. 

Modulators 405-1 through 405-n have combinations of different 
symbol rates and modulation modes. The output of one of modulators 405-1 
through 405-n is selected by selector 416 under the control of control circuit 
419. Demodulators 420-1 through 420-n have combinations of different 
symbol rates and demodulation modes. The output of one of demodulators 
420-1 through 420-n is selected by selector 417 under the control of control 
circuit 424. Other structural and operational details of the radio 
communication device according to the present embodiment are the same 
as those of the radio communication device according to the third 
embodiment. 

As described above, it is possible to provide a radio communications 
device whose functions, in the MfMO system, include detecting the state of 
signal propagation, such as the effect of multipath interference or the like, 
change the symbol rate for high-rate radio communications, and reduce the 
amount of consumed electric power. 

In the block diagrams shown in the above embodiments, radio 
communication devices having a transmitter and a receiver, respectively, 
facereach other, for illustrative purposes. However, a radio communication 
device usually has both a transmitter and a receiver. In this case, the 
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antennas of the transmitter and the receiver can be shared by a sharing unit 
or a switch. The transmission signal/reception signal processing circuits 
have a function to perform serial-to-parallel conversion (or vice versa) of 
data. This function may be provided outside of the transmission 
signal/reception signal processing circuits. If the data are parallel, then the 
parallel data itself may be handled. Though the error rate measuring unit has 
been described in each of the above embodiments, the error rate measuring 
unit may not be hardware-implemented, but may be software-implemented 
for detecting an error rate, a retransmission rate, or an index correlated to an 
error rate. The plural propagation detectors which have been described 
above, i.e., the level detector, the error rate measuring unit, and the function 
of outputting a channel matrix, are provided when necessary, and not all of 
them need to be provided. Although not specifically described, an increase 
in the transmission capacity due to spatial multiplexing according to normal 
MIMO technology, a spatial diversity effect due to time-space coding, and 
optimum electric power distribution between transmitters using information of 
independent spatial transmission paths are also applicable to the 
embodiments of the present invention. In all of the embodiments, three or 
four transmitters and three or four receivers have been described for 
illustrative purposes. However, insofar as a plurality of transmitters and a 
plurality of receivers are provided, the numbers of transmitters and receivers 
are not limited to any particular values. 
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